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Å The Mars 2020 Mission
ï The next NASA Mission to Mars 

ï On board is the next Mars rover, Perseverance, and the first Mars helicopter, ingenuity

ï Launched: July 30, 2020. Landing: Feb. 18, 2021.

Å Mars 2020: Main Job
ï The Perseverance rover will seek signs of ancient life and collect rock and soil samples for possible 

return to Earth

ï First Mars samples planned to be brought back to earth

Å Todayôs Topic:
ï This talk will discuss the modeling and analysis necessary to understand, predict, and control the 

terrestrial contamination on Perseverance and guarantee unambiguous future detection of Martian life 

signs in the samples

ñExtra! Front page new!

We discovered life on Mars!

We brought it with uséò  

-S. Cofer 2019

This is a scenario we are trying to avoid

Introduction
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Å Scientific requirement of less than 

10 parts per billion (PPB) Total 

Organic Carbon (TOC) of 

terrestrial origin within the cached 

samples

Å Each sample is nominally 15g 

which means less than 150ng of 

contamination can be tolerated

Å This is less than a single layer of 

adsorbed contaminant molecules 

within the sample tubes

Å More complicated than just 

cleaning sample tubes before 

launch

Guaranteeing Detection 
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Å Contamination has to be tracked across all phases 

of the mission. 

Å Bookkeep the viable organic carbon (OC) 

contribution into OC vectors

Å OC1: Assembly Test Launch Operations (ATLO)

ï Diffusion of contaminants through purge 

gas 

Å OC2: Cruise

ï Free molecular flow of contaminants to 

sample tubes

Å OC3: Commissioning

ï Diffusion of contaminants through Martian 

atmosphere during rover commissioning 

Å OC4: Surface Operations

ï Diffusion of contaminants through Martian 

atmosphere through FMPB during rover 

operations

Å What sources of organic contamination are 

there are on Mars? If we launch clean all 

organic molecules after that should be 

Martian. (wrong)

The Lifetime of a Sample Tube
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Å Outgassing is the spontaneous evolution of 

atoms or molecules from a material

Å Outgassing is governed by several material 

phenomenon

ï Diffusion through the source material

ï Desorption from the source material  

ï Adsorption to the receive material

Å Transport mechanisms of outgassing

ï Atmosphere: diffusion, convection, advection

ï Vacuum: Free molecular flow

Å Under the right conditions the materials the 

Perseverance rover is made out of could 

contaminate the sample tubes with terrestrial 

based organics after launch!

Outgassing
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Å Each process  governing outgassing has its associated 

material property

ï Diffusion coefficient: Ὀ ὈὩ
ȟ

ï Desorption residence time: † †Ὡ
ȟ

ï Adsorption residence time: † †Ὡ
ȟ

Å Each property follows an Arrhenius relationship with 

temperature and has a corresponding activation energy

ï Very dependent on molecular mass

Å For contamination accumulation there needs to be a net 

flow of contaminants form the source to the sample tubes

1. Contaminants must be able to diffuse in source material. 

Sufficiently low Ὀ

2. Contaminants must be able to desorb from source material. 

Sufficiently short †

3. Viable transport mechanism.

4. Contaminants must be able to adsorb. Sufficiently long †

Å The activation energies, Ὁ, determine the conditions for 

contamination outgassing and accumulation.

Conditions for contamination
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Low Activation Energy: 

Low Surface Energy Desorption

High Activation Energy:

High Surface Energy Desorption

Diffusion
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Å Density Functional Theory (DFT) 

calculations were performed to 

determine the binding energies of 

alkanes on TiN

ï DFT is a computational modeling 

method used extensively in material 

science.

Å The activation energy of TiN is 

estimated to be lower than even gold an 

already relatively low surface energy 

metal

Å The material selection of the sample 

tubes creates an unfavorable energy 

gradient for contamination accumulation

Low surface Energy Materials: Titanium Nitride
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Low Activation Energy: 

Low Surface Energy Desorption

High Activation Energy:

High Surface Energy Desorption

Diffusion

DFT Simulation

ÅChoosing low surface energy materials (low Ὁȟ ),  sample tube 

contamination accumulation can be impeded
ÅA low activation energy Ÿ short residence Ÿ no contamination 

accumulation

ÅTo impede contamination accumulation the sample tubes are 

coated with Titanium  Nitride (TiN) a low surface energy material
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Å DFT calculations give us the activation energies, Ὁȟ , of contaminates adsorption to 

the sample tubes

V Determines residence time of contaminants in sample tubes

Å The activation energies for the diffusion, Ὁȟ , and desorption, Ὁȟ , processes let 

us extrapolate the outgassing to mission conditions

Å Now we need to measure and characterize the outgassing

Physics of outgassing Summary
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Å The sample tubes spend most of the time within the ACA 

ï This outgassing rate is the primary contribution of contamination

Å Need to characterize the outgassing contaminant species to determine what could possibly 

accumulate  

Å To do this a multispecies model was developed to determine the contaminant species of flight 

hardware during thermal vacuum testing

Å Quartz Crystal Microbalance (QCM) is an instrument used to measure outgassing in situ

ï Operates at cryogenic temperatures so all outgassing contaminants will adsorb with a very long residence 

time

Å QCM Thermogravimetric analysis (QTGA)

ï Slowly raise temperature of QCM after it has collected contaminants

ï Species desorb one by one while increasing temperature

ï Estimate the activation temperature of the desorbing species

ï Known as thermal programmed desorption (TPD) in literature

Multispecies Model
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Å On average a contaminant will desorb every residence 

time

Å Single species desorption rate: 

Å Mass remaining of single species: ά ά Ὡ

Å QTGA desorption rate is a composite of multiple single 

species desorbing 

Å Outgassing contaminants are composed of multiple 

species desorbing simultaneously

Å Multispecies model desorption rate: В

Å This multispecies model is optimized to fit the activation 

energies and relative concentration of each constituent 

species.

Multispecies QTGA Fit
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Å The fit determines the activation energy, Ὁ, of 

desorption of the contaminants from the QCM

ï This activation energy can be related to species mass 

using a energy vs mass relationship

ï This mass can then be related to the activation energy 

of other processes (diffusion, desorption from source 

material)

Å Additionally the fit determines the relative 

concentration of each outgassing constituent 

species. ὧ
В

Å These parameters characterize the outgassing 

species of the ACA and allow for extrapolation of the 

contamination over all mission conditions and OC 

vectors

ACA Contaminant Constituents
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Å The outgassing rate of 

each species can be 

extrapolated

Å The total outgassing rate of 

the ACA is a sum of all the 

individual species 

outgassing rates

ὶ Ὕ ὧὶὝ Ὡ

Å At higher temperatures, 

larger molecules compose 

most of outgassing 

Å At lower temperatures 

smaller molecules 

compose most of the 

outgassing

Outgassing Extrapolation
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